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Cervical cord injuryAbstract Impaired hand function signiﬁcantly limits the activities of daily living of individuals
with cervical spinal cord injury (SCI).
Objective: Our aim was to determine the effect of massed practice (MP) versus MP with somato-
sensory stimulation (SS) on upper extremity function in patients with incomplete cervical SCI.
Patients and methods: This study included 25 patients with incomplete cervical SCI divided into
three groups. Group I: 10 patients received MP training. Group II: 10 patients received SS besides
the massed practice. Group III: 5 patients received traditional rehabilitation program.
Results: Our results revealed that Group II patients demonstrated a highly signiﬁcant greater
increase in motor score post-treatment when compared with pre-treatment values than group III
(p< 0.001). Group I demonstrated a signiﬁcantly greater increase in motor score than group III
(p< 0.05). There was a statistically non signiﬁcant difference between the three groups as regards
the the change in the post-treatment as compared to the pre-treatment values (p> 0.05) of the light
touch and pinprick scores. Group II patients demonstrated a signiﬁcantly greater increase in pinch
grip strength than group I and group III (p< 0.05). WMFT and JTHFT showed a signiﬁcant
decrease in time after treatment in groups I and II (p< 0.05) more than patients in group III,
but the difference was of no statistical signiﬁcance.
Conclusion: These results suggest that MP may be useful to improve upper extremity function in
individuals with SCI; especially when combined with SS.
ª 2014 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights
reserved.1. Introduction
SCI is one of the most devastating states of inﬁrmity encoun-
tered by today’s health care. It is a catastrophic injury espe-
cially due to the unique role of the spinal cord as a nerve
center [14].
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of SCI (34.3% of all SCI cases). Varying degrees of arm and
hand function may be possible regardless of the level of the le-
sion [4].
Traditional rehabilitation interventions focus on the use of
compensatory strategies that emphasize the use of stronger
muscles rather than on the restoration of function in the weak-
er muscles. Unfortunately, such interventions may not subse-
quently maximize motor and sensory recovery [11].
Massed practice (MP) (repetitive task-oriented training)
and somatosensory stimulation (SS) are 2 interventions that
may improve the functional outcome in patients with incom-
plete cervical SCI.
Prolonged, repetitive peripheral nerve stimulation can in-
duce changes in the excitability of the cortical projections of
hand muscles, increase pinch strength and improve functional
performance [7].
2. Aim of the work
The aim of the work was to determine the effect of MP versus
MP with SS on upper extremity function in patients with
incomplete cervical spinal cord injury.
3. Patients and methods
This prospective study included 25 patients with incomplete
cervical spinal SCI (according to American Spinal Cord Injury
Association Impairment Scale) [1]. Patients were selected from
Ain Shams University Hospitals (Department of Neurosurgery
and Department of Physical medicine, Rheumatology and
Rehabilitation) and Armed Forces Rehabilitation Center.
The medical ethics committee of Ain Shams University Hospi-
tals approved this study.
3.1. Inclusion criteria
1. Patients between 16 and 60 years of age.
2. Duration of illness at least 6 months.
3. Patients demonstrated at least trace evidence of voluntary
thumb movement (i.e. twitch).
4. Patients diagnosed with spastic paresis (manifested as
spasms, clonus, or hyperreﬂexia) due to neurologically
incomplete SCI.
5. Level of injury from C5 to C7.
6. Patients classiﬁed according to ASIA scale to either grade C
or D.
7. No serious uncontrolled medical complication.
3.2. Exclusion criteria
1. Patients with traumatic brain or brain stem injury.
2. Patients who could not cooperate due to dementia or
pshycosis.
3. Patients with skin diseases or burns at site of application
that would prevent using recording electrodes.
4. Patients with upper extremity injury or conditions that limit
the use of the upper limb before the SCI.5. Patients with severe spasticity as deﬁned as a scoreP 3 on
the Modiﬁed Ashworth Spasticity Scale.
All patients underwent the following:
1. Full medical history taking with special attention to handed-
ness, neurological symptoms and their distribution, urinary
and bowel control and ability of the patient to sit, stand or
walk.
2. Thorough clinical examination
Neurological examination
(a) Motor examination
Muscle power using the ASIA motor index score which uses
standard manual muscle testing on a six grade scale (Brunn-
strom and Dennen, 1940) [6] on the key upper extremity
muscles.
Scoring: Numerically, the total possible upper extremity
motor score (UEMS) obtained from the bilateral summation
of muscle grades is 50 points.
 Deep tendon reﬂexes
They were rated according to Bates (1991) [2] from 0 to 4.
 Tone
It was rated according to the Modiﬁed Ashworth Scale
(Bohannon and Smith, 1987) [5] with grades from 0 to 5.
(a) Sensory examination
The sensory system was examined for light touch and pin
prick sensation. The sensation was tested for each sensory der-
matome and graded on a three-point scale from 0 to 2 accord-
ing to the standards of the American spinal injury association
(2002) [2]. The maximum sensory scores were recorded for the
upper extremity (C2–T1) according to the summation of the
sensory grades 16 for the pin prick and 16 for the light touch.
Neurological level: The overall neurologic level of injury is
the most caudal level at which both motor and sensory modal-
ities are intact.
(a) PR examination
Voluntary motor control of the external sphincter on digital
examination and sensation around the anus were examined to
assess the completeness of injury (Robert et al., 1994) [12].
(a) ASIA Impairment Scale of spinal cord injuries ranged
from class A to class E according to ASIA standards
2002 [1].
3. Assessment of maximal grip force using digital dynamome-
ter It was done at baseline and after the rehabilitation
program.
4. Upper extremity function testing by Wolf Motor Function
Test (WMFT) timed score [15]. It involves 15 timed mea-
sures which progress in complexity from engaging individ-
ual joints to use of the whole upper extremity.
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duce a total time score. It is done pre and post rehabilitation
program. Patients are asked to do the task as quickly as pos-
sible. If the patient was unable to complete a task within
2 min, the attempt was stopped and a performance time of
120 s is given.
5. Assessment of the hand function using the Jebsen–Taylor
hand function test score (JTHFT) [10]. The test is com-
posed of 7 timed testing activities. Each subset score is
obtained by measuring the time necessary to complete each
subset. Scores in the 7 timed measures are summed to pro-
duce a total test score.
6. Magnetic Resonance Imaging to detect the level of injury.
The patients were divided into 3 groups:
1. First group
Ten patients received MP training directed to the upper
extremity having the lower motor score. The patients received
this training program 5 times per week for 3 weeks, 2 h per ses-
sion [3].
MP focused on continuous repetition of tasks in each of 5
categories:
(a) Gross upper extremity movement: dart throw, baseball,
ball bounce, and paddle ball.
(b) Grip: coke can to mouth, squeezing toothpaste slice
playdough with plastic knife cutting paper fold towel
shaping playdough, place in a jar scoop sand and pour.
(c) Grip with rotation: door knob, lids on jars, ﬂipping
cards, screwing in a light bulb, pitcher pour into cup.
(d) Pinch: writing circles and crosses, putting small objects
into jar pegboard, coins in change purse, connect 4, bub-
ble wrap, buttons ﬁnd small objects in lentils.
(e) Pinch with rotation: ﬂipping cards, key in lock, lace-up,
beads on string, screw and screwdriver, nuts and bolts,
open nail polish jar.
The order of the categories was chosen randomly, the pa-
tients repeatedly performed the tasks within each category
for 25 min before moving onto the next category. Total train-
ing time was 2 h per session. Patient repeatedly performed 1
task at a time until fatigued. A 2–3 min break was allowed be-
fore the start of a new task within the same category.
When a task gradually became easier, we increased the dif-
ﬁculty. This was done to ensure that the tasks were sufﬁciently
challenging because evidence suggests that tasks should be suf-
ﬁciently challenging to induce cortical reorganization [9].
2. Second group
Ten patients received MP training as in the ﬁrst group in
addition to SS directed to the upper extremity having the lower
motor score.
SS was done for the median nerve at the level of the wrist
for 2 h. The apparatus used was the (Zimmer Elektromedizin
Galva 5).
Patient received trains of electrical stimulation delivered at
1 Hz, each train consisted of 5 single pulses at 1 ms duration
delivered at 10 Hz with stimulus intensity just below that
which evoked an observable twitch in any of the muscles inner-
vated by the median nerve. This type of stimulation preferen-tially activates large cutaneous and proprioceptive sensory
ﬁbers [3].
The optimal position for stimulating the median nerve
at the wrist: electrodes placed at the site that elicited in
the thenar muscles the maximal motor response to stimu-
lation (anode at the wrist and cathode 2 cm proximal to
it).
3. Third group (control group)
Five patients with incomplete cervical SCI as control re-
ceived conventional rehabilitation program.
Patients in group I and II received the conventional
rehabilitation program besides the MP with or without
the SS.
3.3. Statistical analysis
This was done using SPSS 10 for Windows (Statistical Package
for the Social Sciences) to obtain:
(1) Descriptive statistics:(i) Mean.
(ii) Standard deviation.
(iii) Range (min–max) for numerical data.
(iv) Number and % (for non-numerical data).(2) Analytical statistics:
(i) Paired sample Student’s ‘‘t’’ test was used to test
the difference between pre and post of some par-
ameters (for continuous variables).
(ii) Independent sample Student’s ‘‘t’’ test was used to
test the difference between two groups (for con-
tinuous variables).
(iii) Chi-square test to compare between groups rega-
rding non numerical variables.
(iv) Correlation (Pearson correlation coefﬁcient r) as-
sessing strength and direction of the linear rela-
tionship between two variables.
(v) One way ANOVA test (F) was used to test differ-
ence between more than two means.p-value: level of signiﬁcance:
- p> 0.05: non signiﬁcant (NS).
- p< 0.05: signiﬁcant (S).
- p< 0.001: highly signiﬁcant (HS).
4. Results
4.1. Descriptive data
There was no statistically signiﬁcant difference between the 3
groups (p> 0.05) regarding the age as shown in Table 1.
There was no statistically signiﬁcant difference between the
3 groups (p> 0.05) as regards the sex as shown in Table 2.
There was no statistically signiﬁcant difference between the
3 groups (p> 0.05) regarding the duration of illness as shown
in Table 3.
There was no statistically signiﬁcant difference between the
3 groups (p> 0.05) as regards the ASIA scale as shown in
Table 4.
Table 2 Comparison between the 3 groups as regards the sex.
N % v2 p-value Sig
Sex Group I 1.050 0.367 NS
Males 8 80
Females 2 20
Group II
Males 8 80
Females 2 20
Group III
Males 3 60
Females 2 40
Table 4 Comparison between the 3 groups regarding the
ASIA scale.
Number % v2 p-value Sig
ASIA Group I 1.25 0.535 NS
C 4 40
D 6 60
Group II
C 3 30
D 7 70
Group III
C 2 40
D 3 60
Table 5 Comparison between the 3 groups regarding
handedness.
Number % v2 p-value Sig
Handedness Group I 0.446 0.8 NS
Rt 9 90
Lt 1 10
Group II
Rt 8 80
Lt 2 20
Group III
Rt 4 80
Lt 1 20
Table 1 Comparison between the 3 groups as regards the age.
Groups (N) Range (years) Mean ± SD f p-value Sig
Age (years) Group I (10) 25–45 33.2 ± 6.14 1.05 0.367 NS
Group II (10) 24–60 38.7 ± 12.09
Group III (5) 25–41 33.4 ± 7.09
N: number of patients, Sig: signiﬁcance, NS: non signiﬁcant.
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3 groups (p> 0.05) as regards handedness as shown in Table 5.
There was no statistically signiﬁcant difference between the
groups (p> 0.05) regarding the level of injury as shown in
Table 6.
4.2. Comparison between the pre and post - treatment values
among the three groups of patients
The motor score for both upper extremities was measured in
all the patients. The rehabilitation program was directed to
the upper extremity with the lower motor score.
After 3 weeks of rehabilitation we compared the pre and
post treatment motor scores, sensory scores, dynamometer
measurements and clinical function tests in each group. There
was a highly signiﬁcant increase in post-treatment motor score
in group I and group II (p< 0.001) while there was no signif-
icant difference post -treatment detected in group III
(p> 0.05) when compared with pre-treatment value. Compar-
ing between group II and group III as regards the change in
motor score revealed a statistically highly signiﬁcant greater in-
crease in group II patients more than group III (p< 0.001).
Comparing between group I and group III as regards the
change in motor score revealed a statistically signiﬁcant greater
increase in the motor score in group I more than group III
(p< 0.05).
There was no statistically signiﬁcant difference between
group I and group II regarding change in motor score
(p> 0.05) as shown in Table 7.Table 3 Comparison between the 3 groups regarding the duration
Groups Range (months
Duration of illness (months) Group I 8–72
Group II 6–84
Group III 7–36Comparison between pre and post-treatment scores as re-
gards light touch and pinprick values showed a statistically sig-
niﬁcant increase in both them post -treatment in group II
(p< 0.05); while there was no statistically signiﬁcant differ-
ence in group I and group III (p> 0.05). Comparing the three
groups together as regards the change in sensory scores
showed no statistically signiﬁcant difference between them
(p> 0.05) as shown in Table 8.
The pinch grip force showed a highly statistically signiﬁcant
increase after treatment in group II (p< 0.001), a signiﬁcant
increase in grip force in group I (p< 0.05) and no signiﬁcant
difference in group III (p> 0.05). Group II patients demon-
strated a signiﬁcantly greater increase in pinch grip strength
than group I and group III (p< 0.05) Table 9.of illness.
) Mean ± SD f p-value Sig
21.8 ± 19.07 0.159 0.854 NS
24.1 ± 22.07
18 ± 12.19
Table 6 Shows the level of injury of the patients in each of the
3 groups.
N % v2 p-value Sig
Level Group I 0.417 0.981 NS
C5 5 50
C6 4 40
C7 1 10
Group II
C5 5 50
C6 4 40
C7 1 10
Group III
C5 2 40
C6 2 40
C7 1 20
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timed scores showed a statistically signiﬁcant decrease in group
I and group II (p< 0.05) while there was no statistically signif-
icant difference in group III (p> 0.05).
Patients in groups I and II demonstrated a greater improve-
ment in WMFT timed scores compared with patients in group
III but the difference was not of statistical signiﬁcance
(p > 0.05).
Also patients in group II showed more decrease in the
WMFT timed scores than patients in group I but the difference
was not of statistical signiﬁcance (p> 0.05) as shown in
Table 10.Table 7 Comparison between each 2 groups regarding the motor s
Motor score I & II II & III
t p-value Sig T
Pre 0.567 0.578 NS 0.382
Post 0.835 0.415 NS 1.705
Change 0.583 0.567 NS 4.655
Table 8 Comparing the 3 groups together regarding the sensory sc
Group I (Mean ± SD) Group II (Mea
Light touch Pre 12.9 ± 1.729 13.1 ± 2.025
Post 13.5 ± 1.581 13.8 ± 1.647
Change 0.6 ± 0.699 0.7 ± 0.527
Pin prick Pre 12.9 ± 1.729 12.9 ± 1.912
Post 13.5 ± 1.581 13.6 ± 1.578
Change 0.6 ± 0.699 0.7 ± 0.527
Table 9 Comparing the 3 groups together regarding the pinch grip
Group I (Mean ± SD) Group II (Mea
Dynam. (psi) Pre 2.2 ± 0.82 2.25 ± 0.95
Post 2.4 ± 0.80 2.9 ± 1.08
Change 0.2 ± 0.26 0.65 ± 0.34
Dynam: dynamometer, Psi: pound per square inch.On comparing the 3 study groups together regarding the
JTHFT timed scores, there was no statistically signiﬁcant dif-
ference detected between them (p> 0.05).
There was a statistically signiﬁcant decrease in group I and
group II as regards the JTHFT score post-treatment when
compared with the pre-treatment value (p< 0.05); while there
was no statistically signiﬁcant difference in group III
(p> 0.05).
Also patients in group II showed more decrease in the
JTHFT timed scores than patients in group I but the difference
was not of statistical signiﬁcance (p> 0.05) as shown in
Table 11.
5. Discussion
Impaired hand function severely limits the ability of people
with cervical SCI to perform manual activities of daily living
(ADLs), a majority of the people with cervical SCI surveyed
by Snoek and colleagues (2004) [13] expected a signiﬁcant
improvement in their quality of life with improved hand func-
tion. Therefore, improving hand and arm function should be a
compelling goal in rehabilitation research targeting individuals
with cervical SCI.
MP (repetitive task-oriented training) and SS are 2 inter-
ventions that may improve the functional outcome in patients
with incomplete cervical SCI.
It has been suggested that the recovery of upper-extremity
function following a hemi-section of the cervical spinal cord
in macaques is dependent on the ability to optimally use
the limited information that is being transmitted via sparedcores.
I & III
p-value Sig T p-value Sig
0.708 NS 0.131 0.898 NS
0.112 NS 0.793 0.442 NS
0.000 HS 3.465 0.004 S
ores.
n ± SD) Group III (Mean ± SD) F p Sig
13 ± 1.871 0.028 0.972 NS
13 ± 1.871 0.228 0.798 NS
0 ± 0 2.009 0.158 NS
13 ± 1.871 0.006 0.994 NS
13.2 ± 1.924 0.055 0.946 NS
0.2 ± 0.447 0.771 0.474 NS
strength.
n ± SD) Group III (Mean ± SD) F p-value Sig
1.6 ± 0.74 1.055 0.365 NS
1.7 ± 0.84 2.799 0.167 NS
0.1 ± 0.22 8.649 0.002 S
Table 10 Comparing the 3 groups together regarding WMFT.
Group I (Mean ± SD) Group II (Mean ± SD) Group III (Mean ± SD) F p-value Sig
WMFT (seconds) Pre 508.5 ± 305.1 482.2 ± 476.87 536.4 ± 435.2 0.031 0.97 NS
Post 440.6 ± 258.49 391.9 ± 373.84 524.8 ± 425.02 0.251 0.78 NS
Change 67.9 ± 65.97 90.3 ± 111.47 11.6 ± 12.92 1.504 0.244 NS
Table 11 Comparing the 3 groups together regarding JTHFT.
Group I (Mean ± SD) Group II (Mean ± SD) Group III (Mean ± SD) F p-value Sig
JTHFT (seconds) Pre 321.6 ± 125.81 287.7 ± 221.11 354.4 ± 208.63 0.227 0.798 NS
Post 253.7 ± 102.71 208 ± 137.66 341.2 ± 208.57 1.48 0.249 NS
Change 67.9 ± 45.88 79.7 ± 88.03 13.2 ± 9.96 1.9 0.173 NS
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is the reduced rate of transmission of relevant information
from the motor cortex to the spinal cord that limits perfor-
mance. MP may maximize the effectiveness of corticospinal
drive onto spinal motor neurons [8].
Therefore, afferent input may contribute to cortical reorga-
nization and, ultimately, to functional recovery via increased
communication between the cortex and the CST in SCI
subjects.
The purpose of this study was to assess the effect of partic-
ipation in a 3 week training program consisting of MP or MP
with SS on grip strength, and upper extremity function in indi-
viduals with incomplete cervical SCI.
Our study included 25 patients with incomplete SCI, incom-
plete according to American Spinal Cord Injury Association
Impairment Scale (ASIA, 2002) [1]. They were divided ran-
domly into 3 groups according to the different treatment
modalities. Group I consisted of 10 patients who received
MP therapy (MP) in the form of 2 h training sessions 5 days/
week for 3 weeks.
Group II consisted of 10 patients who received SS besides
the MP therapy (MP + SS) in the form of trains of electrical
stimulation to the median nerve delivered at 1 Hz, each train
consisting of 5 single pulses at 1 ms duration delivered at
10 Hz for 2 h and group III consisting of 5 patients received
the conventional rehabilitation program. Patients in group I
and group II received conventional rehabilitation program be-
sides the MP with or without the SS.
Although the focus of our training was not on strengthen-
ing but on function and skilled movement, our results demon-
strated a signiﬁcant increase in the motor score in group I
(MP) and group II (MP + SS) after the treatment.
This comes in agreement with Hoffman and Field-Fote,
(2007) [9] who also demonstrated improvement in the
strength in the muscles (especially the triceps) in their
patient. The training might have led to an increase in
upper-extremity use and independence of function, which
could account for the increase in the strength. Also training
might be associated with a generalized improvement in
cortical control, resulting in improved ability to activate
upper-extremity muscles.
We measured the sensory scores of the patients before and
after the treatment, there was a statistically signiﬁcant increase
in both the light touch and the pin prick scores after the
treatment in group II. The light touch score changed from(13.1 ± 2.03) to (13.8 ± 1.65) while the pin prick score chan-
ged from (12.9 ± 1.91) to (13.6 ± 1.58).
This agreed with Hoffman and Field-Fote (2007) [9], whose
study included a subject with complete C6 tetraplegia who re-
ceived bimanual MP training and SS to the right hand only for
2 h a day, 5 days a week for 3 weeks. This patient showed that
most of his improvements in the sensory function were found
in the right upper extremity (the side that received the SS). The
patient’s perception of light touch and pin prick on the right
changed from absent (score of 0) or impaired (score of 1) be-
fore intervention to normal (score of 2) after intervention in
the 4 dermatome regions of C6–Tl.
This also came in agreement with Beekhuizen and Field-
Fote (2008) [4] who also demonstrated improvement in the
sensations in the patients receiving MP+ SS treatment, their
patients in the group receiving MP + SS differed signiﬁcantly
from the control group. These ﬁnding show that only the pa-
tients who received both MP and SS together had signiﬁcant
improvements in sensory function.
Improvements in sensory function may be due to activation
of the spared pathways (Hoffman and Field-Fote, 2007) [9].
However more studies are needed to prove whether the
improvements in the sensory function are due to MP or SS.
We used the digital dynamometer to assess and measure the
grip force for the patients. There was no signiﬁcant difference
between the groups in the baseline measurement of the dyna-
mometer. When comparing pre and post treatment values of
the dynamometer, there was a highly signiﬁcant difference in
group II (MP + SS) and a signiﬁcant difference in group I
(MP). There was no signiﬁcant difference in the control
group. These results show that MP and MP+ SS caused
improvement in the grip force better than the conventional
rehabilitation.
Group II (MP + SS) demonstrated a signiﬁcantly greater
increase in pinch grip strength than group I (MP) and group
III (control group).
Beekhuizen and Field-Fote (2005) [3] also found that the
pre and post test pinch grip scores were signiﬁcantly different
in the MP + SS group; however there were no signiﬁcant dif-
ferences between pre and post-treatment pinch grip scores in
the MP group. And the difference between the 2 groups was
of statistical signiﬁcance.
Also Beekhuizen and Field-Fote (2008) [4] results demon-
strated signiﬁcant inter-group differences in pinch grip force
measures, showing that in both the MP+ SS and the SS
Effect of massed practice and somatosensory stimulation 195groups had signiﬁcant gains in pinch grip force compared with
the control group.
Our protocol was directed to the upper extremity, aiming to
improve the function, the WMFT and the JTHFT test were the
outcome measures of choice because of their ability to detect
and quantify improvements in speed of performance of ﬁne
and gross motor skill performance in the upper extremity.
Pinch grip force was chosen to assess the maximal voluntary
activation of the muscles involved in pinching, a practical
and important upper extremity activity.
In our study, on comparing pre and post-treatment WMFT
timed scores, there was a statistically signiﬁcant difference in
group I and group II. Group II showed more decrease in time
than group I. There was no signiﬁcant difference between pre
and post treatment in group III.
Although comparing the 3 groups together showed no sig-
niﬁcant difference between them, it was clear from the change
of WMFT timed score in each group that group II (MP + SS)
demonstrated the higher decrease in time in WMFT timed
scores which reﬂects the better improvement in function. The
large variability in the WMFT scores (wide range) for the sub-
jects might be the cause for the absence of the signiﬁcance on
comparing the 3 groups together.
Our results come in compliance with Beekhuizen and Field-
Fote (2005) [3] who also found a statistically signiﬁcant differ-
ence between pre and post-treatment WMFT timed scores in
the MP+ SS.
In addition Beekhuizen and Field-Fote (2005) [3] demon-
strated a statistically signiﬁcant difference in the change of
WMFT timed test scores between the 2 groups. The subjects
in the MP+ SS group (n= 5) demonstrated a greater
improvement in WMFT timed than the subjects in the MP
group (n= 5).
Beekhuizen and Field-Fote (2008) [4] also found a signiﬁ-
cant inter-group difference in the WMFT scores; patients in
the MP + SS and the SS groups had signiﬁcant improvements
in WMFT scores compared with the control group and pa-
tients in the MP+ SS group demonstrated signiﬁcantly great-
er improvement in WMFT scores compared with the patients
in the MP group and the SS group.
In our study, on comparing pre and post-treatment JTHFT
timed scores, there was a statistically signiﬁcant difference in
group I and group II. Group II (MP + SS) showed more
decrease in time than group I (MP). There was no signiﬁcant
difference between pre and post-treatment in group III.
Patients in groups I and II demonstrated a greater
improvement in JTHFT timed scores compared with patients
in group III but the difference was not of statistical
signiﬁcance.
Also patients in group II showed more decrease in the
JTHFT timed scores than patients in group I. Again the large
variability in the JTHFT scores (wide range) for the subjects
might be the cause for the absence of the signiﬁcance on com-
paring the 3 groups together.
This came consistent with Beekhuizen and Field-Fote
(2005) [3] who also found signiﬁcant differences between
the pre and post-treatment JTHFT timed scores in both the
MP + SS group and the MP group. The subjects in the
MP + SS group (n= 5) demonstrated a greater improve-
ment in JTHFT timed scores compared with the MP group
(n= 5).Also Beekhuizen and Field-Fote (2008) [4] found that the
inter-group difference in response to JTHFT was statistically
signiﬁcant. Patients in the MP+ SS, MP, and SS groups
had signiﬁcant improvements in their scores compared with
the control group. Scores for the MP+ SS group indicated
signiﬁcantly greater improvements compared with both the
MP and SS groups.
The results of our study came to support Beekhuizen and
Field-Fote studies in 2005 and 2008 [3,4], indicating that there
were signiﬁcant improvements in pinch grip strength, WMFT
and JTHFT functional scores associated with the participation
in both the MP and the MP + SS protocols. But the improve-
ments achieved were demonstrated more with the patients
receiving both interventions (MP + SS).
6. Conclusion
The results of our study suggest that MP in combination with
SS results in greater improvement in pinch strength and timed
functional test scores than MP training alone. Such a combina-
tion may represent a beneﬁcial rehabilitation technique to im-
prove strength and function of the upper extremity in patients
with incomplete cervical SCI.
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